Background: North-West of Pakistan is bestowed with medicinal plant resources due to diverse geographical and habitat conditions. The traditional use of plants for curing various diseases forms an important part of the region's cultural heritage. The study was carried out to document medicinal plants used in Frontier Region (FR) Bannu, an area affected by the "War on Terror". Methods: Fieldwork was carried out in four different seasons (spring, autumn, summer and winter) from March 2012 to February 2013. Data on medicinal plants was collected using structured and semi-structured questionnaires from 250 respondents. The voucher specimens were collected, processed and identified following standard methods.
Introduction
Plants have been used as folk medicine all over the world for centuries [1] and indigenous communities have developed their own specific knowledge on plant resources, uses, management and conservation [2] . Ethnomedicinal treatment is not merely a medical system but part of a culture [3] . Today, around 25% of all prescribed medicines in the developed world contain ingredients derived from medicinal plants [4] . It has been estimated that herbal medicines are used by more than 80% of the world's population in developing countries to meet their primary healthcare needs [5] . The traditional use of plants and plant resources is rapidly increasing due to their minimal side-effects and (affordable) accessibility, and because they sometimes represent the only source of healthcare available to poorer communities [6] . However, the key issue in the current era is the loss of indigenous medicinal plant and preparation knowledge, which can serve as a guideline on plant-based therapeutic research for many scientists around the world.
Pakistan has a diverse flora containing a total of 1,572 genera and 5,521 species, most of which are confined to the Hindukush, Himalaya and Karakorum regions [7, 8] . People collect about 600 medicinal plant species as one of the major non-timber forest products (NTFPs) [9] . Of these species, 500 are commonly used in traditional healthcare practices and 350 are traded for millions of US dollars to national and international markets [10] . Twenty-eight leading herbal manufacturing units use medicinal plants for making various preparations, which include 75 crude herbal drugs that are extensively exported. About 60,000 traditional practitioners (Hakeems) in rural and remote areas utilize medicinal plants as household remedies for curing several diseases [11] . Local communities have centuries of traditional knowledge and practice relating to plants of their regions that have been transmitted from generation to generation [12] . About 84% of the country's population was dependent on traditional medicines in the early 1950's [13] ; however, the practice is now confined to remote areas [14] .
This study has been carried out in the Frontier Region (FR) Bannu, which has suffered heavily due following the onset of the Global War on Terrorism. Various ethnomedicinal studies have been carried out [12, [15] [16] [17] [18] in other regions of Pakistan; however, the FR has yet to be explored due to limited access. The area represents one of the country's richest centers of biodiversity and it is a strong source of indigenous knowledge. Most of the population of the area is rural with a low literacy rate; hence they are more dependent upon natural resources, and especially on plants for their healthcare needs and livelihoods. War has crippled modern health facilities in the study area, which in turn has resulted in the spreading of gastrointestinal and skin related diseases among others. However, local people are increasingly using ethnomedicines to treat such diseases at the local level. Shinwari et al. [12] perceived a diminishing of indigenous knowledge due to the ever increasing influence of global commercialization and socio-economic transformation, and a dire need was expressed to preserve such knowledge on medicinal plants before it disappears. Hence, the present study was designed with the following objectives: (i) to identify and explore plant species that are being used locally for the treatment and prevention of various diseases; (ii) to document traditional recipes from medicinal plants including methods of preparation and modes of administration; and (iii) to investigate the current and future status of traditional knowledge among different age groups. The present study may help in the preservation of indigenous knowledge on ethnomedicines and provide baseline data for future studies.
Materials and methods

Study area
The present study was carried out in the Frontier Region (FR) Bannu located in the south of Khyber Pakhtunkhwa (KPK) Province, Pakistan (Figure 1 ). FR-Bannu consists of a total area of 877 square kilometers with a population of 19,593. The area lies within the Karakoram mountain range [19] between 32°-43 to 33°-06 N latitude and 73°-20 to 70°-07 E longitude. The total cultivated area is about 33,000 acres, with wheat, maize and sugarcane being the main cultivated crops [20] . About 25% of the inhabitants of the area as well as Afghan refugees are engaged in the collection and marketing of medicinal plants [20] . The area consists of alluvial plain with an annual rainfall of 111.36 mm [21] . The dominant plant species are Acacia modesta, Acacia nilotica, Calotropis procera, Dodonaea viscosa and Withania somnifera.
Sampling
Ethnomedicinal data was collected in four field visits per season in spring, autumn, summer and winter from March 2012 to February 2013. The methods for the collection of data and voucher specimens during the field study followed that described by Martin [22] . Initially, local administrative officers and representatives (Malik) of the study area were visited, who provided information on key resource persons in the field of medicinal plants. The key persons then suggested 269 potential respondents (local healers, rural herbalists and elders), all of whom were known in the community for their knowledge on medicinal plants and ethnomedicines. Prior to data collection, a brief group discussion was held with the respondents in order to gain their consent, to explain objectives of the research study and to assure them protection of their traditional knowledge. This was done to clarify the purpose of the research and to build confidence among respondents so that they would provide reliable information without holding any suspicion. Among the respondents, 19 were reluctant to provide any information leaving a total of 250 respondents being selected for data collection.
The biographic characteristics of the respondents in this study include age, gender and ethnic group. Of the 250 respondents, 201 were male and 49 female, and all belonged to one of three ethnic groups (Wazir, Banuchi or Afghan refugees). Due to customary restrictions in the study area, it was difficult to identify and gain access to a large number of females with knowledge on medicinal plants. The majority of the respondents were aged between 35 and 90 years and most (133) were Waziri, the largest ethnic group of the study area (Table 1 ). All the respondents and focal persons of the study area provided permission to publish and protect the data on traditional medicines provided by them.
Identification of medicinal plants used as ethnomedicines
Structured and semi-structured questionnaires were designed for data collection. For this purpose, individual interviews were held with each respondent in the local language of Pashto, which is spoken by all ethnic groups in the study area. More structured questionnaires were used to obtain specific information about medicinal plants of the study area, and informants were asked about the number of plants known to them, their local names, life-form, medicinal uses, occurrence, plant status and the most preferred part used for treatment [23] . Plant life-form implied herb, shrub or tree. Plant use referred to the use of either part of the plant or several parts and were categorized accordingly as whole plant, leaves, roots, bark, flowers, seeds, shoots, rhizomes and fruits. Plant status referred to the classification of plants across three categories, i.e. wild or cultivated or both.
Specimens of recorded medicinal plants were collected in their flowering and fruiting seasons during field visits and were processed in the laboratory using normal methods [22, 24] . Specimens were identified with the help of a plant taxonomist in the Department of Botany, Kohat University of Science and Technology (KUST). Following plant identification, specimens were pressed and dried in blotting sheets. Before mounting on the herbarium sheets, the plants were treated either with formaldehyde or mercuric chloride solution (0.5%) in order to protect plant material from insect or fungal damage. The scientific names, family names and names of publication authors were corrected according to the flora of Pakistan and software index kewensis [8, 25] . Identified plant specimens on herbarium sheets were placed in the herbarium at KUST. 
Documentation of ethnomedicinal recipes
Semi-structured questionnaires were used to gather information on the mode of preparation and administration as well as information on typical compliments used with the ethnomedicines. The ailments treated were grouped into 21 types including febrifuge, carminative, stomach problems and chest infections among others. Questions on ethnomedicines inquired on modes of preparation (powder, boiled etc.), administration (oral or dermal), use of single or mixture of plants, ease of intake and other ingredients used such as water, sugar, milk and others. All the data collected through structured and semi-structured questionnaires were organized using Microsoft Excel.
Traditional knowledge and associated threats
Correlation between the age of the respondents and the number of medicinal plants known to them was analyzed using Pearson Correlation in SPSS [26] . Moreover, a conceptual diagram was developed in which the age groups in possession of indigenous knowledge were categorized and displayed showing current numbers (2013) and predicted numbers for 2023 and 2033. Data on the current status of indigenous knowledge was gathered during the present study while data for the next 10 and 20 years were predicted on the basis of a study by Shinwari [12] , who predicted a 50% decline in indigenous medicinal plant knowledge among rural people for every 10 years due to modernization.
Results and discussion
The present study has recorded valuable ethnomedicinal knowledge from an area almost inaccessible due to the current armed conflict. Indigenous people from different localities have their own specific knowledge on the traditional utilization of medicinal plants [2] and our study highlights certain threats related to the disappearance of such knowledge. Medicinal plants represent a significant contribution to human health and it has been suggested that their use is one of the most significant ways in which humans directly reap the benefits provided from biodiversity [27] .
Medicinal plants of the study area
In the war affected region of Pakistan, the use of folk remedies is a common practice and locals are highly dependent on the native flora for their healthcare needs.
The inhabitants of the region use 107 plant species distributed across 90 genera and 56 families for the treatment of various ailments (Table 2 ). Such widespread use of medicinal plants for primary healthcare needs in the study area might be due to the lack of health facilities as a result of both increased armed conflict as well as cultural beliefs of the people who use ethnomedicines in the rural areas. Figure 2 shows that herbs (53) and trees (32) are the most common life-form of the plants described by healers as having medicinal properties. The higher use of herbs for medicinal purposes in the study area may be due to their ease of collection, higher abundance and high effectiveness in the treatment of ailments in comparison to other life-forms [9] , while in other regions it may also be due to seasonal variability or differences in socio-cultural beliefs and practices of healers. With regard to trees, their extensive use in the preparation of ethnomedicines might be linked to their ability to withstand long dry seasons, thus resulting in their availability throughout the year in arid and semi-arid areas [28] .
Results indicate that most of the study plants (55%) are collected from the wild to treat different diseases ( Table 2 ). The basic reason behind using wild plants may be due to three reasons: i) The inhabitants of the region are not very well off; ii) In the current situation of war they are heavily dependent on medicinal plants; or iii) Such species are readily available at minimum cost near households as compared to cultivated plants. Giday and Tilahun [29] also found that in Ethiopia the use of wild plants is more common than the use of cultivated plants, and people also use wild medicinal plants for economic purposes. As a result, in our study area, economically valuable species such as Caralluma tuberculata and Nannorrhops ritchiana [30] which have the potential to be cultivated [20] for ecological restoration and rural livelihood are under threat due to over-collection.
Ethnomedicinal uses
The majority of plant species reported in the study area were used for carminative (14) , blood purifying (11) or febrifuge (9) purposes, and each of the 8 species were used to treat stomach or chest problems ( Figure 3 ). These findings are in line with other ethnobotanical studies [9, 31] , where most plant species were reported to be used for the treatment of chest, fever or gastro-intestinal related diseases. Such diseases may have been recently exacerbated due to the increasing armed conflict and lack of security in the area, a lack of proper sanitation, or because of woodfuel smoke inside houses. Moreover, the majority of people in the study have little or no access to safe drinking water, which may have increased the prevalence of waterborne diseases [32] . Gastrointestinal problems are not only common in the study area but are a common issue for the whole country. According to Ribeiro et al. [33] , such diseases can result in higher mortality rates if not treated promptly. Results of the field surveys indicate that Acacia nilotica, Caralluma tuberculata, Convolvulus arvensis, Nannorrhops ritchiana, Withania somnifera and some other species are used for the treatment of more than one type of ailment. Our findings are in line with the ethnobotanical studies carried out by Badshah and Hussain [34] and Khan [35] , who also reported various medicinal uses for the aforementioned plants. The multiple uses for each plant serve as a strong indicator of the natural availability of a variety of therapeutic phytochemicals within the plants, and such findings may prompt further research into their medicinal application. All parts of medicinal plants -including the leaves, stem, flower, bark, roots, fruits and seeds are used by traditional healers and local people, but the part of the plant collected for each specific purpose depends on the requirements of the user and type of plant. Figure 4 shows that 34% of plants were used for their leaves in the making of various medicinal preparations, which is easy to process into a digestible paste and have less conservational issues than the collection of roots, bark, stem or the whole plant [36] . The predominance of leaf use in the preparation of remedies has also been reported by Muthu et al. [37] and Kala et al. [38] and similar results have been reported from other areas of Pakistan [35, 39, 40] . Drying and pulverizing into powder, boiling for tea, juicing and pounding into a paste are the common preparation methods observed for our study area (Table 2) . According to Deeba [41] , grinding or crushing and boiling are the most common and effective methods of active ingredient extraction. While the majority of preparations of remedies in our study area involved the use of single plant, some of the remedies were prepared by combining different plants, for example, the powder of Acacia nilotica is mixed with the flowers of Punica granatum to be used for carminative purposes. Similarly, a mixture of leaves of Aloe barbadensis with the powder form of Curcuma longa is used to treat wounds, while the whole plant of Cynodon dactylon is mixed with leaves of Cannabis sativa and ground to powder for use against bleeding piles. According to traditional healers, complex medicines of two or more plant species are more potent than those prepared with a single species. The use of multiple therapies in traditional medicine based on combining plants has recently been shown to increase the efficacy of some herbal medicines [42] . According to Bussmann and Sharon [43] , the use of more than one plant species to prepare a remedy for ailments is attributed to the additive or synergistic effects that they could have during ailment treatment. The method of drug Number of medicinal plants Figure 3 Ethnomedicinal uses in the study area. preparation in many cases varies from individual to individual, while the same plant material for the same ailment may be prepared in different ways by different traditional healers. For example, in the present study the leaves and roots of Oxalis corniculata are used for stomach problems in powder form, but according to Murad et al. [44] , the same plant is used for the same ailment in juice form in the Malakand district of Pakistan. Similarly, leaves of Cannabis sativa in boiled form are therapeutically very active against relieving pain in the study area, but the same plant is prepared in powder form to treat the same in the Swat region of Pakistan [5] . Such similarities in the crosscultural usage of the traditional plant remedies are a strong indication of the bioactivity potential of the documented plant species. Table 2 shows that nearly all plant remedies are ingested orally in combination with other ingredients (vehicles) such as water, sugar, lime, wheat flour, mustard oil, honey, butter and milk to minimize the effect of the remedy's astringent taste. It has been suggested that the use of such vehicles may dilute or reduce the relative potency of the drug [45] . However, there is no consensus on the dosage and frequency of the medication among healers because the dosage varies according to the type and severity of the illness or injury being treated.
Traditional knowledge and age of the respondents
Data analysis showed that there is a strong positive correlation (r 2 = 0.95) between the respondent's age and the number of medicinal plants known to them ( Figure 5 ). In our study younger people up to 25 years old knew of approximately 15 medicinal plant species, which is far fewer than that of older people. Hussain et al. [46] in the South Waziristan and Parveen et al. [47] in the Thar Desert of India reported that people older than 30 years of age are more knowledgeable than younger ones in terms of medicinal plants and their uses. Ethnomedicinal recipes made by the local elders (collectors, traditional practitioners) are more effective than those made by young people [37, 47] . This may be partly explained by recent trends of modernization that have caused the level of information being directly transmitted between generations to be greatly reduced [9] , and which may lead to the eventual disappearance of such knowledge and the weakening of the relationship between people and plants. Figure 6 represents a conceptual diagram that projects a decline in indigenous medicinal plant knowledge of around 75% in the coming 20 years. Another cause of such a decline may be related to the influence of increased armed conflict in the region. A large proportion of the inhabitants of the investigated area have recently migrated to urban areas, which may exacerbate any decline in indigenous knowledge as modernization and disinterest among youth in the urban areas has rendered traditional knowledge almost extinct [12] . Traditional knowledge is now confined to the remote areas of Pakistan [14] , but various remote regions are vulnerable to annual climate-change-induced water scarcity and flooding and others problems such as financial crises, high transportation costs, increased prices of consumer goods, shortages of clean water, poor social networks and terrorism, all of which encourage the migration of a large proportion of the population toward urban areas. A study conducted by Cheikhyousaf et al. [48] showed that most of the healers in the region gained their knowledge from their grandparents. Considering the current high levels of youth migration from rural areas, such relationships are less likely to be formed across generations, resulting in the loss of medicinal plant knowledge when traditional healers pass away. As such, the documentation of traditional knowledge on ethnomedicinal uses is regarded as a necessity to safeguard future generations and encourage further research studies.
Conclusion
Traditional medicines serve as an integral source of rural livelihood in the study region in northwestern Pakistan, which is severely affected by armed conflict in the so-called War on Terror. The study area has plenty of medicinal plants to treat a wide spectrum of human ailments and local healers, although in decline, can be experts in the preparation of various ethnomedicinal remedies. Moreover, the use of specific plant parts, similar uses of same plants in different regions and multiple uses of single plants for the preparation of medicinal remedies suggest the prevalence of biologically active compounds across a range of medicinal plant species. Further phytochemical analysis, pharmaceutical application and clinical trials are therefore recommended in order to evaluate the authenticity of ethnomedicines to scientific standards. Indigenous knowledge on ethnomedicinal preparations persist more among older traditional healers, however, such knowledge is being lost to younger generations and continuing armed conflict in the region may further inhibit the transition of such knowledge. As such, studies on the documentation of ethnomedicines may be extended to other war-affected areas for the protection of traditional knowledge.
